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ABSTRACT 

By  means  of  a  certain  transformation,  a  relationship  is  demon- 
strated between  a  class  of  two-dimensional  and  three-dimensional  scalar  or 
electromagnetic  diffraction  problems.   The  basic  three-dimensional  configu- 
ration consists  of  a  perfectly  reflecting  half  plane  excited  by  a  ring  source 
centered  about  the  edge  and  having  a  variation  exp(+  i*/2),  where  <t)  is  the 
azimuthal  variable;  in  addition,  a  perfectly  reflecting  rotationally  sym- 
metric obstacle  whose  surface  is  defined  by  f(p,z)  =  0  (p,z  are  cylindrical 
coordinates),  may  be  superposed  about  the  edge  (z-axis).   This  problem  is 
shown  to  be  simply  related  to  the  two-dimensional  one  for  the  line  source 
excited  configuration  f(y, z)  =  0,  where  y  and  z  are  Cartesian  coordinates. 
Various  special  obstacle  configurations  are  treated  in  detail. 

For  the  general  case  of  arbitrary  electromagnetic  excitation,  the 
above-mentioned  transformation  is  used  to  construct  the  solution  for  the 
diffraction  by  a  perfectly  conducting  half  plane  from  the  knowledge  of  ap- 
propriate scalar  solutions,  namely  those  which  obey  the  same  equations  and 
boundary  conditions,  and  have  the  same  excitations,  as  the  Cartesian  com- 
ponents of  the  electromagnetic  field. 
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Introduction 


This  paper  deals  with  the  relationship  between  a  special  class  of 
two-dimensional  and  three-dimensional  diffraction  problems.   The  basic  three- 
dimensional  configuration  consists  of  a  perfectly  reflecting  half  plane  ex- 
cited by  a  ring  source  centered  about  the  edge,  \rith  the  plane  of  the  loop 
oriented  perpendicular  to  the  edge,  as  sho^-m  in  Fig.  l(a):  the  strength  of 
the  source,  either  scalar  or  electromagnetic,  varies  like  sin(0/2)  or 
cos(<t'/2),  where  <!>  is  the  azimuthal  angular  variable.   Via  the  transformation 
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ng  Source 
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(a)    Three-dimensional  (b)    Two-dimensional 

Fig.   1   -  Basic  equivalent  configurations 

to  be  described  below,   the  cylindrical  coordinate  p   =   r  sin  Q  in  Fig.    l(a) 
transforms  into  the  y-coordinate   in  Fig.    l(b),   while  the  Z-coordinate   is  pre- 
served  (the  x-coordinate  does  not   occur  in  the  two-dimensional  problem).      The 
three-dimensional  configuration  in  Fig.    l(a)   is  thereby  transformed  into  the 
two-dimensional  one   in  Fig.    l(b)   consisting  of  a  uniform  line   source  parallel 
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Fig.  2  -  Equivalent  configurations 
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(d)    Semi-infinite  cylinder 
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(e)     Infinite  parallel  planes 
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(f)    Array  of  strips 


Fig.  2  -  Equivalent  configurations. 
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to  a  perfectly  reflecting  infinite  plane.   It  is  evident  that  any  surface  with 
rotational  symmetry  about  the  Z-axis  of  Fig.  l(a),  and  described  by  the  equa- 
tion f(p,Z)  =  0,  is  mapped  by  this  transformation  into  the  two-dimensional 
configuration  f(y,Z)  =  0  in  the  presence  of  the  infinite  plane  at  y  =  0. 
Some  special  structures  in  this  category  are  listed  in  Fig.  2.  We  shall  show 
how  we  can  generate  solutions  for  such  ring  source  excited  three-dimensional 
configurations  involving  am  infinite  half  plane,  from  the  knowledge  of  the  two- 
dimens  i  onal  re  s\ilt  s . 

As  a  further  application  it  will  be  shown  how  the  above-mentioned 
transformation  can  be  employed  to  construct  the  electromagnetic  field  due  to 
an-  arbitrary  source  distribution  in  the  presence  of  a  perfectly  conducting 
half -plane.   The  construction  is  carried  out  explicitly  in  terms  of  the  solu- 
tions of  the  corresponding  scalar  Dirichlet  and  Neiomann  problems.  The  prob- 
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lem  has  been  solved  previously  by  Heins  ;,  Senior  ,  and  Vandakurov  ,  for 

various  dipole  excitations  through  the  use  of  methods  which  differ  from  each 

other  and  from  the  present  one.  The  procedure  we  employ  exhibits  explicitly 

the  modifications  necessary  in  order  to  convert  the  scalar  solutions  into 

vector  solutions.   Thus,  we  start  with  the  scalar  wave  functions  corresponding 

to  excitations  which  are  Cartesian  components  of  the  arbitrarily  prescribed 

vector  excitation  and  which  are  assumed  to  be  known.   The  vector  solution  is 

then  constmcted  from  these  scalar  solutions. 

II.   Relation  Between  Three-and  Two-dimensional  Problems 

A.   Scalar  Problems 

We  define  the  even  and  odd  Green's  functions  G  (r;  r',  0')   and 


G  (r:  r' ,    6')   appropriate  to  the  ring  source  excited  half -plane  in  Fig.  l(a) 


o 
as 


p        rcos(<l>72)^ 
G   (r;    r',    6')  =  r'sin  9'    /         J  U   (r,r')d*',      r=   {r,e,^),        (l) 

o  ^o       Lsin(*72)J     o~~ 

where  (Z?  (£;,£')   and  sC'  (]£_,£_')   are  the  three-dimensional  Green's   fimctions 
satisfying  the  inhomogeneous  wave   equation 

\  r     sm  0     ott>  '     o  T'      sin  0 

V  Q  =  —;r  -r-  r     t—  +  — ,^—  sm  6  -rrr-     ,  (2a) 

r0         2  or         dr         2      .      ^  o0  d0      ^  ^      ^ 

r  r     sm  0 

in  the  domain  0<r<<»,    O<0<rt,    G<it><  2jt,    \n.th  the  houndary  conditions 
on  the  half -plane 


k 


^  =  0,       h     =   0,        at   <t)  =  0,  2:t  ,  (3a) 


the  edge  condition 

J]     finite  at  p  =  r  sin  9  -i^  0  ^  (3b) 

o 

and  also  the 

radiation  condition  at  r  -»•  <»  .  (3c) 

One  notes  from  (l)  that  G  and  G  are  excited  by  ring  sources  with  cos(<l)/2) 
and  sin(!t>/2)  variation^  respectively.   Since  these  sources  generate  fields 
which  vary  every.vhere  like  cos(<t>/2)  and  sin(*/2),  respectively,  we  may  re- 
present G  as 
e 

^cos(l'/2)" 


Gjr;r',e^)  =|^.^^^/2);G(E^P')^   P=(r,e),       {h) 


o 

whence  G  satisfies  the  follovring  equation  in  view  of  (l),  (2)  and  (^): 
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(J?-  1       ,2\  ^,         ,^     6(r-r')  5(e-6') 


(5) 


hx   sin 

with  boundary  conditions  as  in  (jb)  and  (3c). 
We  now  introduce  the  transformation 
G(p,p')  =J—   G(p,p')  ,   p  =  r  sin  e  ,  0  <  p  <  «  ,     (6) 

into  (5) J  and.  find  that  G  satisfies 

f\  h  d     1  B^    1  2v  -,    ,^     5(r-r  )  5(6-8')  (^„\ 

r  06 

If  r  and  Q   in  (7a)  are  interpreted  as  cylindrical  coordinates  in  a  Cartesian 
(y, z)  space  where 

y  =   r  sin  0        ,        0<y<ooj 

Z     =     r    cos     Q  ,  -eo<Z<a>, 

then  one  notes  that  (7a),  together  with  the  boundary  conditions  in  (8)  below, 
represents  exactly  the  formulation  for  the  two-dimensional  Green's  function 
problem  in  Fig.  l(b).   This  establishes  the  desired  relationship  between  the 
ring-source-excited  three-dimensional  problem  and  the  line-source-excited  two- 
dimensional  problem.  To  avoid  confusion  between  the  spherical  and  cylindrical 
coordinate  interpretations  of  r,  0  in  (5)  and  7(a),  respectively,  we  shall 
henceforth  employ  the  rectangular  (y,z)  coordinate  notation  for  the  equiva- 
lent two  dimensional  problem  (see  Fig.  1(b)).   Concerning  the  boundary  condi- 
tions on  G  in  (7a),  we  impose  the  radiation  condition  at  infinity, as  before, 
and  on  the  infinite  plane  at  y  =  0,  we  require  in  view  of  (it),  (6),  and  (7^^)^ 

G  =  0   at   y  =  0   .  (8) 
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Since  this  implies  that  G  QC  y  as  y  ->•  0,  it  follows  that  G  OC  \'p  as  p  -►•  0,  in 
conformity  \-rith   the  familiar  edge  requirement. 

The  "basic  transformation  employed  above  can  also  be  expressed  as 
the  following  theorem  and  its  converse  which  are  verifiable  by  direct  calcu- 
lation. 

Theorem:    If 

X  =  r  sin  6   cos  *;  Y  =  r  sin  9   sin  *;  Z  =  r  cos  9;        (9) 

p  =  y  =  r  sin  9;        Z  =  z  =  r  cos  9, 

d  u  ,  S  u  ,  ,  2—   ^   —   — ,    <   — ,    V 
— 2   — 2  +  ^  ^  =  "^^   ^  =  u(P^z)  =  u(y,z)  , 
bp  3z 


U(X,Y,Z)  =  J-     exp(+  i  V2)  u(p,z)  , 


then 


/  2     2     2      \ 

(  ^  +  ^  +  ~  +  k^  )  U(X,Y,Z)  =  0  .  (9a) 

Vax^      SY^   dz'^    / 

Conversely,  if  (9a)  is  true,  and  U(X,Y,Z)  =  —  exp(+  i<t)/2)  u(p,z)  then 

2-  "^P 

u   +u   -i-ku=0. 
pp    zz 

If  the  configuration  also  includes  a  surface  of  revolution  S  de- 
fined by  the  equation  f(p,z)  =  0,  all  previous  considerations  apply  except 
that,  in  addition,  the  boundary  conditions  on  S  must  be  taken  into  accoimt. 
Since  the  surface  S  is  independent  of  the  ^-coordinate,  the  boxindary  condi- 
tions need  be  imposed  only  on  G(y,z;y',z')  along  the  curve  f(y, z)  =  0.   Let 
us  assume  the  linear  homogeneous  boundary  condition 

G  =  Q:-r—  onS,  a  =   constant  ,  (lO) 


where  n  is  the  direction  of  the  normal  into  S.  Then  the  condition  on  G  is 
found  via  (6)  as 


G  =  a 


d    1  fbys 


G  on  S  ,  (11) 


where  S  is  the  surface  f(y, z)  =  0  and  n  the  direction  of  the  normal  into  S. 
One  notes  from  (lO)  and  (ll)  that  for  a  =  0 


G  =  0  on  S  if  G  =  0  on  S  ,  (l2a) 


while  for  a  =  «, 


—  =  :^  (^)  G  on  S  if  |^  =  0  on  S.  (l2h) 
an   2y  '^'  ^ 

ThuSj  a  Dirichlet  condition  (a  =  O)  on  S  always  implies  the  same  condition  on 
S,  lAiereas  a  Neumann  condition  (a  =  <»)  on  S  leads  generally  to  a  mixed  hounda- 
.ry  condition  on  S,  unless  the  obstacles  are  confined  completely  to  the  planes 
z  =  constant^  in  \vhich  case  (Sy/Sn)  =  +  (dy/Sz)  =  0. 

We  have  therefore  shoim  how  the  solutions  for  any  two-dimensional 
Dirichlet  type  diffraction  problem  can  be  taken  over  to  yield  the  solution 
for  a  corresponding  three-dimensional  Dirichlet  problem  i-ri.th  an  azimuthal 
field  variation  as  in  (U).   Typical  examples  for  which  exact  two-dimensional 
solutions  are  known  include  the  cylinder  (Fig.  2(a)),  the  wedge  (Fig.  2(b)), 
the  slit  (Fig.  2(c),  with  b  -*•  »),  the  semi-infinite  parallel  plane  region 
(Fig.  2(d))  and  the  infinite  parallel  plane  region  (Fig.  2(e)).   Approxi- 
mate solutions  are  available  for  the  infinite  array  of  strips  (Fig.  2(f)), 
and  others.  The  corresponding  three-dimensional  Dirichlet  problems  solved 


* 

A  detailed  discussion  of  the  relationship  between  the  two-dimensional 

wedge  problem  and  the  corresponding  three-dimensional  cone  problem  is  given 
in  a  report  by  Felsen.5 
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thereby  via  {k)   and  (6)  are  also  shown  in  Fig.  2.   Concerning  the  Neumann 
type  houndary  condition^  solutions  for  the  two-dimensional  problems  in  Figs. 
2(c)  and  2(f)  imply  those  for  the  corresponding  three-dimensional  case,  as 
noted  above.  Moreover,  for  the  configurations  in  Figs.  2(d)  and  2(e),  a 
Neumann  condition  on  the  cylindrical  surfaces  implies  an  impedance  type 
boundary  condition  on  the  corresponding  two-dimensional  plane  surface  since  on 
a  plane  y  =  constant,  (l/y)  (Sy/Sn)  is  equal  to  a  constant.   This  solution  is 
known  for  the  infinite  parallel  plane  case.   Similarly,  the  Neumann  condition 
So/Br  =  0  at  r  =  a  appropriate  to  a  sphere  of  radius  "a"  has  for  its  two- 
dimensional  equivalent  the  known  solution  for  a  cylinder  ■'/dth  (Bo/Sn)  = 

(l/2a)G,  while  that  for  a  cone,  5g/S0  =  0  at  0  =  0  ,  leads  to  a  simple  two- 

_  6 
dimensional  wedge  problem  >/ith  SG/d0  =  (l/2)  (cot  6   )G. 

B.   Electromagnetic  Problems 

Now  we  show  how  the  fields  radiated  in  the  presence  of  a  perfectly 
conducting  half -plane  by  electromagnetic  ring  source  distributions  with 
variations  cos(<t'/2)  or  sin((t'/2)  can  be  inferred  from  the  solution  for  a 
scalar  line  source  in  the  presence  of  an  infinite  plane.  The  latter  solution 
can,  of  course,  be  expressed  simply  in  terms  of  the  free  space  result  plus  its 
image.   Several  other  boundary  value  problems  are  also  discussed. 

1.   Longitudinal  Electric  Curren-ts 

The  configuration  is  shown  in  Fig.  3-  A  soujrce  variation  sin('l>/2) 
is  assumed  since  a  tangential  electric  source  current  element  of  finite 
strength  cannot  exist  on  a  perfectly  conducting  sheet.   The  vector  electric 
field  £(r;r',9' )  and  magnetic  field  ^(r;r' ,0' )  radiated  by  this  distribution 
of  currents  of  unit  strength  are  given  in  terms  of  the  Hertzian  vector  z  G 
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Fig.  3  -  Ring  of  longitudinol  current  elements 

by 

£(r;r',0')  =  -  ^  VxV  x  [^  Gjr;r' ,0' )j,,  ^(r;r',e')  =  Vxj^  Gjr;r',0')j  , 

(13) 
where  !?  is  the  characteristic  impedance  of  free  space  and  z  a  unit  vector 
along  the  z-direction.  A  time  dependence  exp(-icot)  is  implied.   Since  G  as 
given  in  (k)   can  be  related  to  the  two-dimensional  problem  in  Fig.  l(b)  via 
(6),    (7a)  and  (8)  we  can  write  the  solution  as: 


£(r:r',e')    =   -  ^  ^^P  '    VkV  x 


siniiZilaf 


z_   _■   '     -    G(p,p') 


,   p  =  X  sin 


(li+) 


G(p.p')  =  i 


H^^MkV(p-P')^+   iz-^'f 


.(!)/ 


H^^)  (kX+P')^  +   iz-z'f 


il^B.) 


and  similarly  f or '^.   H   (w)  in  (l^a)  is  the  Hankel  function  of  the  first 


kind  of  order  zero  and  argument  w. 
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The  electric  field  components  along  the  p,  <t>,  z  directions  are 

given  from  ( 13 )  "by 

/?  _   ^  o   s     _       _i_    _o   9     _        ±,  (2 +  v^\  r 

^p  "  "  ik  'Sr~^   '   <t  ~  "  ikp  5r^  '   z   '  ik  ^^^2   ^  ^  ^o  ' 

(15) 

so  that  one  verifies  that  c  and  c  vanish  on  the  half  plane  as  reqiiired. 

Since  G  OC  p  as  p  -^  0  one  obtains  the  proper  edge  behavior 

(?  oc  p""'"/^  sin(<))/2),  S^cc   p'^/^  cos(V2),  £^CCp^'^   sin(<l)/2)  , 

(16) 
and  analogously  f or  ?^  and  'U-    (noter'H  =  0  from  (13)). 

It  is  noted  from  (15)  that  if  G  vanishes  on  the  cylindrical  sur- 
faces p  =  a,  b,  then  t     and  S    vanish  likewise.   Thus.,  by  inserting  for  G 
in  (l^)  the  Dirichlet  parallel  plane  Green's  function  (see  Fig.  2(e)),  we  can 
construct  the  electromagnetic  solution  for  the  ring  source  excited  perfectly 
conducting  coaxial  waveguide  region  whose  center  conductor  is  supported  by  a 
radial  fin.   The  limiting  cases  a  -^  0  or  b  -^  <»  are  also  admitted.   By 
employing  the  parallel  plane  eigensolutions  we  may  also  determine  those  E  mode 
functions  in  the  coaxial  waveguide  whose  £  component  has  an  azimuthal  varia- 
tion sin(<t>/2)  (only  the  E  modes  are  excited  by  present  source  distribution 
since  ?4  =  0  as  noted  above);  the  cutoff  wavelengths  for  these  modes  are 
identical  :-n.th  those  for  E  modes  in  the  parallel  plane  waveguide. 

2.   Longitudinal  Magnetic  Currents 

The  physical  configuration  is  as  in  Fig.  3,   where  the  source  distri- 
bution is  now  taken  as  a  ring  of  unit  strength  magnetic  currents  x/ith  varia- 
tion cos(<t'/2).  From  considerations  dual  to  those  in  the  preceding  section,  we 
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write  down  the  magnetic  vector  field  ^  for  this  case  as 
Mr;  r',  e')  =  -^  /p '  VxV  x  [z^  S^Sl^M  G(p,  p  ■  ^  ^V=|  ' 


(IT) 


where  G  is  given  in  (l^a).  The  corresponding  expression  for  the  electric 
field  €_  has  a  form  dual  to  that  given  for  ?/  in  (l3). 

For  the  perfectly  conducting  waveguide  with  the  radial  fin  (Fig. 
2(e)),  it  is  required  that  BG  /Sp  =  0  at  p  =  a,  b  (cf.  (15),  '.d.th  <?,  2,    G 
replaced  by  ^, 'ip,  G  ,   respectively).  The  corresponding  parallel  plane  prob- 
lem therefore  is  one  for  which  the  impedance  boundary  condition  (cf.  (l2b)) 

l^=T^Gaty  =  J  (18) 

dy     2y     -^   b 

applies.   By  employing  the  parallel  plane  eigensolutions  satisfying  (18),  we 
can  construct  via  (l?)  those  H  mode  functions  whose  N-     field  component  varies 
like  cos(<))/2)  in  the  coaxial  waveguide  with  the  radial  fin.   Again,  the  cut- 
off wavelengths  for  these  modes  in  the  coaxial  guide  are  identical  i-rlth   those 
for  the  H  modes  in  the  parallel  plate  guide  with  the  impedance  type  boundary 
conditions  (18). 

3.   Radial  Electric  Currents 

The  physical  configuration  for  a  ring  of  electric  currents  of  unit 
strength  directed  radially  with  respect  to  some  arbitrarily  chosen  origin 
along  the  edge  of  the  half  plane  and  varying  like  sin((!'/2)  is  shown  in  Fig.  h. 
The  electric  and  magnetic  fields  due  to  this  current  distribution  are  given 
in  terms  of  a  radial  Debye  potential  function  r  G  by 
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Fig.  4  -  Ring  of  radial  current  elements. 


£(r;r',0')  =  -  J  V.Vx 


(19) 


vhere  r  =  r  r,  r  is  the  radial  unit  vector,  and  G  is  related  to  G  in  (l^a) 
—   -o  '  -o  '  o 


via  (h)   and  (6)  by  G  =  s'p '/p  sin('t'/2)  G(p,p'). 

One  finds  from  (l9)  that  the  r,    6,    <ii   -   components  of  the  electric 
field  depend  on  G  in  (ii)  in  the  follo'.d.ng  manner: 


^rcc( 


1  a   _  2  a    .  ,  2^  ^       e      1   a       ^     _   ^ 

'6       r   dr  dO       o-*   4)   r  sin  6     dv  00       o 


2  5r    5r 


k  )  G^  ,  ^^  cc  - 


G  ,  e^  cc  — -i- 


G 
c 

(20) 


It  is  verified  readily  that  the  edge  conditions  (l6)  are  satisfied  as  p  -*-  0. 

Furthermore,  one  notes  that  if  G  ,  and  therefore  G,  vanishes  on  the  conical 
'  o 

boiindary  6   =  constant,  then  £  and  £    like^d.se  vanish.   Thus,  (19)  remains 
valid  when  a  perfectly  conducting  cone  is  superposed  on  the  edge,  vri.th  apex 
at  the  origin,  as  in  Fig.  2(1)),  provided  that  one  inserts  for  G  the  corres- 


Ih    - 


ponding  two-dimensional  Dlrlchlet  solution  for  the  wedge. 

If  a  perfectly  conducting  sphere  with  radius  "a"  and  centered  at 
the  origin  is  superposed  onto  the  half -plane  (Fig.  2(a)),  one  notes  from  (20) 
that  the  required  boundary  conditions  are  met  if  Sc/Sr  =  0  at  r  =  a.   The 
corresponding  boundary  condition  on  the  cylinder  in  the  equivalent  two- 
dimensional  problem  is  given  as  before  by  dc/Sn  =  (l/2a)  G,  leading  again  to 
a  known  boimdary  value  problem. 

k.       Radial  Magnetic  Currents 

The  magnetic  field  radiated  by  a  ring  source  of  unit  strength  radial 
magnetic  current  elements  as  in  Fig.  U  is  obtained  from  an  expression  dual  to 
that  in  (l9)  (a.  cos(<i'/2)  source  variation  is  assumed): 


'Hjr;r',e')   =  .  ^  v^V  x  ["r  £M*M  g(p,p  '  )]        (21) 

with  G  given  in  (lUa).   The  corresponding  expression  for  ^  has  a  fonii  dual  to 
that  for  ^  in  (19). 

If  a  perfectly  conducting  sphere  with  radius  "a"  is  centered  at  the 
origin  as  in  Fig.  2(a),  the  required  boundary  conditions  on  ^  in  (21)  are 
satisfied  if  G  =  0  at  r  =  a,  leading  to  the  equivalent  two-dimensional 
Dirichlet  problem  for  the  cylinder.   For  a  perfectly  conducting  conical  bounda- 
ry at  0  =  0  (Fig.  2(b)),  the  required  boundary  condition  is  Sg/50  =  0  at 
Q  =  6   ,    leading  via  (l2b)  to  the  previously  mentioned  equivalent  two- 
dimensional  wedge  problem  ^-rith  Sg/S0  =  (l/2)  (cot  0  )  G. 
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III.  Diffraction  of  Electromagnetic  Fields  by  a  Perfectly  Conducting  Half  Plane 

In  the  previous  section  we  considered  some  electromagnetic  problems 
arising  from  source  distributions  having  a  special  angular  dependence.   How- 
ever our  basic  formulas  ( equations  ('9)  and  (9a)  of  Section  II,  to  be  denoted  by 
(2.9)  and  (2.9a))  can  also  be  used  to  good  purpose  in  deducing  the  effect  of  a 
conducting  half -plane  on  general  incident  fields,  as  we  shall  see  below. 

VJe  consider  the  problem  of  diffraction  of  an  arbitrary  vector  electro- 
magnetic field  by  a  perfectly  conducting  half -plane.   The  half- plane  is  de- 
fined by  Y  =  0,  X  >  0  as  in  Fig.  l(a).  We  use  two  sets  of  coordinates,  the 
Cartesian  coordinates  X,  Y,  Z,  and  the  cylindrical  coordinates  p,  <I>,  Z,  de- 
fined in  (2.9): 

X  =  p  cos  0,      Y  =  p  sin  <i>;      0  <  <t  <  2ir  .         (l) 

The  total  electric  field  C  is  expressed  by  means  of  its  Cartesian  components 
C  ^    ,   C   which  must  obey  the  inhomogeneous  wave  equations 

A     1      Z 

(v^  4  k^)^^  =  s^:  (v2  +  k2)d^  =  s^;  (^  +  k^)^^  =  s^  , 

(2) 

the  divergence  condition 

V-^  =  -^y^     +   Ty—  +  -^y—  =   0  outslde  of  source  regions, 

(3) 

and  the  following  boundary  conditions  on  the  perfectly  conducting  half -plane 

and  at  infinity: 


Y=0 


(M 


0  =<^(X,0,Z)  =  <^2(>^.0.Z)  =  ^S^(x^o,Z);  X  >  0. 

This  problem  was  discussed  by  S.  Karp  in  a  paper  presented  at  the  Symposium 
on  Electromagnetic  Waves  held  at  the  University  of  Michigan,  July  1955 
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*^X'  '^Y'   Z'  ^"■''SOing  at  infinity  (5) 

k 
Moreover,  we  require  the  edge  conditions 

£^(p,  0,  Z)  -^  0  as  p  -*  0  ,  (6) 

no  component  of  £  or  (V^fi)  is  as  singular  as  —  at  the  edge  .  (?) 

The  functions  S  ,  S  ,  S   ,    in  (2)  represent  the  sources  of  the  field, 
and  are  assumed  to  be  given  and  to  be  confined  to  the  interior  of  a  finite 
region  exterior  to  the  half  plane  and  its  edge.   Concerning  {h)   we  note  that 
the  first  two  equalities  express  the  boundary  condition  at  a  perfect  conduc- 
tor.   The  (redundant)  condition  ^y—  =  0  follows  from  (3)  if  we  proceed  to  the 
limit  Y  -^  0  for  X  >  0,  while  requiring  that  <?  and  <S  -^  0.  The  magnetic 

A         Z 

field  y   corresponding  to  6   according  to  the  Maxwell  field  equations  is  defined 

as  ^  =  (l/ik'^)  '^^S,    where  -«/ is  the  characteristic  impedance  of  free  space.   To 

facilitate  subsequent  discussions  we  introduce  the  incident  field,  E  .      .      This 

— mc 

field  is  defined  as  that  outgoing  wave  solution  of  equation  (2)  which  is  regu- 
lar except  at  the  sources  of  the  field.   Since  £  and  £.   have  the  same  sources 

—     -mc 

we  deduce  from  (2)  that 

(V^  +  k^)  V.((?  -   e.       )  =  V-S  -  V-S  s  0  .       (2a) 
—   — inc      —    —  ^   ^ 

Now  the  function  V.  (g  -  £.   )  is  an  outgoing  wave  at  infinity,  as  follows 

from  the  outgoing  behavior  of  the  Cartesian  components  of  £  and  £.      .   Since  it 

—     — mc 

has  no  sources  (by  (2a)),  it  vanishes  identically.   Thus  (j)  can  be  replaced  by: 

V.  £  =  V'£         =   0  outside  of  sources  (3a) 

—     -inc 

V-g  -  V«^.   =0  everywhere  . 


If  k  =  k  4  ik  ,  k  >  0,  then  we  require  instead  that  £(«>)  =  0. 
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Our  method  of  analysis  '.iri.ll  be  based  on  an  assumed  laiowledge  of  the 
solutions  of  certain  scalar  boundary  value  problems  in  terms  of  which  the 
electromagnetic  solution  \/ill  be  e:-cpressed.   In  the  scalar  diffraction  theory 
for  a  half -plane  it  is  customary  to  solve  problems  of  the  type  posed  in  (2.2) 
and  (2.3)  and  summarized  below  for  convenience: 

V  (t>  +  k  <t)  =  source  term  (0) 

<t>  outgoing  at  CO  (9) 

*(X,0,Z)  =  0,  or^  1'(X,0,Zj  =  0,  for  X  >  0.   (lO) 

tf  finite  as  p  -»-  0  (ll) 

The  pair  of  problems  so  expressed  can  be  solved  explicitly,  as  is 
well  lmo>m.   We  can,  therefore,  construct  directly  a  triplet  of  functions 
(E,  ,  EL,j  E  ),  i.e.,  a  vector  E,  say,  which  satisfies  conditions  (2),  {^)   and 
(:),  and  such  that  E  is  finite  at  the  edge  of  the  screen.   Despite  this,  the 
vector  E  fails  to  be  a  solution  of  Maxwell's  equations,  since  it  does  not 
satisfy  the  divergence  condition  (3)- 

It  is  knovm  that  near  the  edge,  functions  of  the  type  of  (E,^,  E^,  E^) 
behave  like 

(C^(z)  /p  sin  ^/2,   C^{z)   +   C  (z)  /p  cos  0/2,  C,(z)  /p  sin  $/2) 

(12) 
where  the  functions  C  ,  C   ,   C  and  C  depend  on  the  particular  excitation. 

Hence  conditions  (6)  3iii   (7)  are  actually  fulfilled.   In  fact  they  are  over- 
fulfilled, since  we  can  allow  appropriate  infinities  of  C  and  6^  ^'^  '^^^   edge. 
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\le   now  proceed  to  show  how  to  construct  the  vector  6j  given  the 
vector  E.   To  do  this  we  define  £  =  ^  -  S,  and  then  note  that  we  must  have^  in 
virtue  of  (2)-(7)  and  (3a), 

{^  +  k^)  e  =  0  ,   e  =  (e,,,  e^,  e^)  ,  (13) 

t'   =  V-e  4  V-E  -  y.g.   =  0  ,  (Ik) 
—           —     — mc     ' 

e^(X,0,Z)  =  e^U,0,Z)   =   ^  e^ix,0,Z)=   0;  X  >  0  ,  (15) 

e  outgoing  at  <»  ^  (16) 

e^(p,  <t>,  Z)  -»-  0  as  p  -►  0  (I7) 

e_,    (Vxe)  not  as  singular  as  —  at  p  =  0  .  (18) 

If  such  a  vector  e  can  be  found,  then  e  +  E  will  satisfy  all  the  conditions 
imposed  upon  € . 

It  is  at  this  point  that  the  "basic  formulas  (2.9)  and  (2.9a)  are 


employed.   Let  us  set 


^  Sin  V2  F^(P,  Z)  ,  (19) 


P 


e^  =  —  cos  0/2  F2(p,  Z)  (20) 

\'p 

^Z'^'  (21) 

(J.J.  .^)   F,,,  =  0  ,  (.., 

and  where  F  and  F  are  outgoing  at  infinity.  Then  (13),  (l^) ,    (16)  and  (l7) 


where 


^x 
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are  fulfilled.  We  can  exclude  the  possibility  that  F  (O,  Z)  =  0^  or 

fJo,    Z)  =  Oj  for  then  the  functions  F  and  Fp  would  "be  identically  zero,  since 

they  are  sourceless  radiating  wave  function  in  the  Cartesian  p,    Z  plane.  Thus 

p""""/^  sinC-D/SlF^CO,  Z),  e^  -^  p'-^'^   cos  («/2)F2(0,  Z)  near  p  =  0,  and 
this  is  the  expected  form  of  edge  singularity,  and  it  is  in  accordance  v/ith 
(l8),  insofar  as  e  is  concerned.   Condition  (l8)  also  restrict  the  singulari- 
ty of  (Vte),  of  course,  but  this  will  be  attended  to  after  the  solution  is  ob- 
tained. 

Ue  now  have  to  fulfill  condition  (l^).  To  this  end  we  note  that  the 

function  t  =  V-e  +  V-E  -  V- 6.   ,  with  e  given  in  (l9)-(2l),  is  a  scalar  wave 
—     —     — mc       — 

function  which  is  outgoing  at  infinity.   This  follows  from  the  fact  that  the 
Cartesian  components  of  the  vector  (£  +  E  -  ^.   ),  and  therefore  their  deriva- 
tives as  well,  possess  these  properties.   Furthermore,  we  know  that  i|f  vanishes 
on  the  screen.   [in  fact  V»e  =  0  on  the  screen  by  (15)^  V-E  vanishes  there  be- 
cause of  (^),  while  V.  €.   =0  at  the  screen  since  the  sources  do  not  extend 
'  — mc 

to  the  screen.^  These  properties  of  f   ensure  that  it  will  vanish  identically 
provided  that  it  vanishes  as  the  edge  is  approached  radially.   We  shall  there- 
fore examine  the  behavior  of  ^   near  the  edge;  as  we  shall  see,  the  divergence 
\ri.ll  vanish  there  provided  the  functions  F^  and  Fp  are  suitably  chosen. 

First,  as  mentioned  above,  V'£.   =0  near  the  edge.   Next  we  ob- 
'  '        — mc 

serve  from  (12),  that  the  singular  part  of  the  expansion  of  V-E  is  given  by 

the  form\ila  (note:  Ty^WP  sin  <t>/2)  =  -  -SyWP  cos  <t)/2)  =  -  sin  <p/2) 

a.'p 

V-E  -*.  ^  C,  (Z)  —  sin  $/2  +  i;  Cjz)  —  sin  <J>/2  -  ^^  sin  <t>/2  (23) 

-  2     1         r  '  2     3  r  r 

Vp  v/p  Vp 
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where 

C(Z)  =  iPc^(Z)  +  C^(Z)J  (23a) 

Here  the  functions  C^ ,  C  are  known  from  the  solution  of  the  scalar  problems. 
We  therefore  require  that  the  singular  part  of  the  expansion  of  V-£  be  given 

by 

V-e  -»"  -C(Z)  —  sin  0/2  ,  (2l|) 

so  that  V-e  +  V.E  will  vanish  as  p  -»-  0.   However^,  from  (l9),  (20),  (21)  we 

have 

V-e  -^   t(0,Z)  1^  (-^  sin  0/2)  +  F2(0,Z)  ^  (^  cos  0/2)1   (25) 
L  vp  vp        -J 

+  —  sin  0/2  cos  0T-  F  (0,Z)  +  —  cos  0/2  ^  F  (0,Z)  sin  0 
nTp  vT  P 

Since  F  (0,Z)  and  F  (O^Z)  do  not  both  vanish,  the  bracketed  term  in  (25)  is 

0(p  '     );  on  the  other  hand  the  remaining  part  of  the  right  side  of  (25)  is 

-I/2 
0(p  '  ),   Equation  (2U)  therefore  implies  that  the  bracketed  term  of  (25) 

vanishes  identically.   But  the  coefficients  of  F  and  F  in  (25)  are  identical 

-I/2    1 
by  the  Cauchy-Rieman  equations,  since  (X  +  iY)     =  —  (cos  0/2  -  i  sin  0/2). 

/p 
Hence  we  conclude  that 

F^(0,Z)  +  F2(0,Z)  =  0  (26) 

The  uniqueness  theorem  for  two  dimensional  scalar  waves  then  implies  that 

F  (p,Z)  +  Fp(p,Z)  =  0  for  all  p,  since  the  functions  F  and  Fp  are  sourceless 

and  outgoing.   Therefore  also  -r-  F  (0,z)=  - -^  F  (0,Z).   We  now  compare  the 
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second  part  of  the  right  side  of  (25)  \n.th   the  right  side  of  (2^),  and  use 
^   (0,Z)  and  ^ 


Sf         -Sf 

the  identity  of  ;v-^  (0,Z)  and  -v-^  (0,Z)  to  find 


C(Z)    sin  4>/2  =|^F2(0,Z) 


sin  O  cos   <t>/2   -  cos   t*   sin  <t>/2 

(27) 


-^Fg^C.Z)  sin  0/2   . 
Hence  we  have  to  determine  F  (p,Z)  =  -  F  (p^z)  from  the  condition  that 

^F2(C,Z)  =-C(z)   .  (28) 

But  F  (pjZ)  is  an  outgoing  wave  function  of  p  and  Z(=z)  if  these  are  regarded 
as  Cartesian  coordinates-   Hence  we  can  solve  (28)  with  (22)  by  a  direct 
application  of  Green's  theorem  to  the  half  space  region  p  >  0,  utilizing  the 
two-dimensional  Neumann  type  half -space  Green's  function,  as  follows 


F2(P.Z)  =  -  I  /c(z^)  E^^^    (k/p^  4  (Z-zj2)  dz^  =  -  F^(p,Z) 

(29) 
We  can  now  insert  (29)  into  (19)  and  (20),  and  this  gives  us  the 
solution  for  the  required  vector  e.   Then  ;^  =  E  -i  e,  where  E  is  composed  of 
the  familiar  scalar  solutions,  and  e_   is  given  "by  quadratures  in  terms  of  the 
quantity 


/p 
sin  0/2 


C(Z)  =  lim   TT^r^  ^-E   .  (30) 

p  -^  0 


If  we  use  the  fact  that  F  (p,Z)  =  -  F  (p,Z)  it  is  easy  to  verify 
(20)  and  (2l)  that  vxe  is  0(p" 
(l8).   The  analysis  is  therefore  complete. 


-1/2 
from  (19),  (20)  and  (2l)  that  vxe  is  0(p  '  )  at  the  edge,  as  required  by 
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Office  of  the  Chief  Signal  Officer 
Washington  25,  D.C. 
Attn:  Research  &  Development 
Division  OCSigo 

Office  of  Chief  Sigjial  Officer 
Engineering  &  Technical  Division 
Washington  25,  D.C. 
Attn:  SIGNEr-5 

Guided  Missile  Fuze  Library 
Diamond  Ordnance  Fuze  Labs. 
Washington  25,  D.C. 
Attn:  R.D.  Hatcher,  Chief 

Microwave  Development  Sec . 

ASTIA   (10  copies) 
Arlington  Hall  Station 
Arlington  12,  Virginia 

Library  (2  copies) 
Boulder  Laboratories 
National  Bureau  of  Standards 
Boulder,  Colorado 

National  Bureau  of  Standards 
Department  of  Commerce 
Washington  25,  D.C. 
Attn:  Mr.  A.  G.  McNish 

National  Bureau  of  Standards 
Department  of  Commerce 
Washington  25,  D.C. 
Attn:  Gustave  Shapiro,  Chief 

Engineering  Electronics  Section 


Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 
Attn:  Technical  Reports  Section 
(2  copies) 

Director 

National  Security  Agency 
Washington  25,  D.C. 
Attn:  R/D  (331) 

Hq.,  AFCRC   (2  copies) 
Laurence  G.  Hanscom  Field 
Bedford,  Mass. 
Attn:  CRarLR-2  -  P.  Condon 

Hq.,  AFCRC   (5  copies) 
Laurence  G.  Hanscom  Field 
Bedford,  Mass. 
Attn:  CROTI£  -  J.  Armstrong 

Hq.,  AFCRC 

Laurence  G.  Hanscom  Field 

Bedford,  Mass. 

Attn:  CKRD  -  Carlyle  J.  Sletten  (3) 

Attn:  Contract  Files,  CRRD  (2  copies) 

Director,  Avionics  Division  (AV) 
Bureau  of  Aeronautics 
Department  of  the  Navy 
Washington  25,  D.C. 

Chief,  Bureau  of  Ships 
Department  of  the  Navy 
Washington  25,  D.C. 
Attn:  Mr.  E.  Johnston, Code  833E 

Commander 

U.S.  Naval  Air  Missile  Test  Center 

Point  Mugu,  California 

Attn:  Code  366 

U.S.  Naval  Ordnance  Laboratory 
White  Oak 

Silver  Spring  19,  Maryland 
Attn:  The  Library 

Commander 

U.S.  Naval  Ordnance  Test  Station 

China  Lake,  California 

Attn:  Code  753 

Librarian 

U.S.  Naval  Postgraduate  School 

Monterey,  California 

Air  Force  Development  Field 

Representative 
Naval  Research  Laboratory 
Washington  25,  D.C. 
Attn:  Code  1072 

Director 

U.S.   Naval  Research  Laboratory 

Washington  25,   D.C. 

Attn:   Code  2027 

Dr.   J.    I.   Bohnert,   Code   5210 
U.S.   Naval  Research  Laboratory 
Washington  25,   D.C. 

Ccamnanding  Officer  and  Director 
U.S.   Navy  Underwater  Sound  Lab. 
Fort  Trumbull,   New  London 
Connecticut 

Chief  of  Naval  Research 
Department   of  the  Navy 
Washington  25,   D.C. 
Attn:   Code  I4.27 

Commanding  Officer  and  Director 
U.S.   Navy  Electronics  Lab. 
San  Diego  52,   California 
Library 
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Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
Washington  25j  D.C. 
Attn:  Code  Ad3 

Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
Surface  Guided  Missile 

Branch 
Washington  25,  D.C. 
Attn:  Code  ReSl-e 

Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
Washington  25,  D.C. 
Attn;  Fire  Control  Branch 
(ReSU) 

Department  of  the  Navy 
Bureau  of  Aeronautics 
Technical  Data  Division 
Code  1+106 
Washington  25,  D.C. 

Chief,  Bureau  of  Ships 
Department  of  the  Navy 
V/ashington  25,  D.C. 
Attn:  Code  8l7B 

Commanding  Officer 

U.S.  Naval  Air  Development 

Center 
Johnsville,  Pennsylvania 
Attn:  NADC  Library 

Commander 

U.S.  Naval  Air  Test  Center 
Patuxent  River,  Maryland 
Attn:  ET-315,  Antenna  Branch 

Director 

Naval  Ordnance  Laboratory 

Corona,  California 

Commanding  Officer 
U.S.  Naval  Ordnance  Laboratory 
Corona,  California 
Attn:  Mr.  W.  Horenstein 
Division  72 

Airborne  Instruments  Lab.,  Inc. 
160  Old  Country  Road 
Mineola,  New  York 
Attn:  Dr.  E.  G.  Fubine,  Director 
Research  &  Engineering  Div. 

Alrcom,  Inc. 
35'*  Main  Street 
Wintrhop,  Mass. 

Andrew  Alford,  Consulting  Engrs. 
299  Atlantic  Avenue 
Boston  10,  Mass. 

Avion  Division 
ACF  Industries,  Inc. 
800  No.  Pitt  Street 
Alexandria,  Virginia 
Attn :  Library 

Battelle  Memorial  Institute 
505  King  Avenue 
Attn:  Wayne  E.  Rife, 

Project  Leader 
Electrical  Engineering  Div. 
Columbus  1,  Ohio 

Bell  Aircraft  Corporation 
Post  Office  Box  One 
Buffalo  5,  New  York 
Attn:  Eunice  P.  Hazelton 
Librarian 


Bell  Telephone  Labs . ,  Inc . 
Whippany  Laboratory 
Ifliippany,  New  Jersey 
Attn:  Technical  Information 
Library 

Bendix  Aviation  Corporation 

Pacific  Division 

11600  Sherman  Way 

North  Hollywood,  California 

Attn:  Engineering  Library 

Bendix  Radio  Division 

Bendix  Aviation  Corporation 

E.  Joppa  Road 

Towson  k,   Maryland 

Attn:  Dr.  D.  M.  Allison,  Jr. 

Director,  Engineering 

&  Research 

Bjorksten  Research  Labs.,  Inc. 
P.  0.  Box  265 
Madison,  Wisconsin 
Attn:  Librarian 

Boeing  Airplane  Company 
Pilotless  Aircraft  Division 
P.O.  Box  37OT 
Seattle  2h,   Washington 
Attn:  R.  R.  Barber 

Library  Supervisor 

Boeing  Airplane  Company 
Wichita  Division  Engineering 

Library 
Wichita,  Kansas 
Attn:  Kenneth  C.  ?Cnight 
Librarian 

Boeing  Airplane  Company 
Seattle  Division 
Seattle  lit,  Washington 
Attn:  E.  T.  Allen 

Library  Supervisor 

Convair,  A  Division  of  General 

Dynamics  Corporation 
Fort  Worth,  Texas 
Attn:  K.  G.  Brown 

Division  Research  Librarian 

Convair,  A  Division  of  Genersil 

Dynamics  Corporation 
San  Diego  12,  California 
Attn:  Mrs.  Dora  B.  Burke 

Engineering  Librarian 

Cornell  Aeronautical  Lab.,  Inc. 
ltl4-55  Genesee  Street 
Buffalo  21,  New  York 
Attn:  Librarian 

Dalmo  Victor  Company 
A  Division  of  Textron,  Inc. 
1515  Industrial  Way 
Belmond,  California 
Attn:  Mary  Ellen  Addems 

Technical  Librarian 

Dome  and  Margolin,  Inc  . 
29  New  York  Avenue 
Westbury,  L.I.,  N.Y. 

Douglas  Aircraft  Co.,  Inc. 
P.  0.  Box  200 
Long  Beach  1,  California 
Attn:  Engineering  Library 
(C-250) 

Douglas  Aircraft  Co.,  Inc. 
827  Lapham  Street 
El  Segundo,  California 
Attn:  Engineering  Library 


Douglas  Aircraft  Company,  Inc . 
3000  Ocean  Park  Boulevard 
Santa  Monica,  California 
Attn:  Peter  Duyan,  Sr.,  Chief 

Electrical/Electronics  Section 

Douglas  Aircraft  Company,    Inc. 
2000  North  Memorial  Drive 
Tulsa,    OkJ.ahoma 
Attn:    Engineering  Library,   D-250 

Electronics  Communication,  Inc. 
1830  York  Road 
Timonium,  Maryland 

Emerson  and  Cuming,  Inc. 
869  Washington  Street 
Canton,  Mass. 
Attn:  Mr.  Vf.  Cuming 

Emerson  Electric  Mfg.  Co. 

8100  West  Florissant  Avenue 

St.  Louis  21,  Missouri 

Attn:  Mr.  E.  R.  Breslin,  Librarian 

Sylvania  Electric  Products,  Inc. 
Electronic  Defense  Laboratory 
P.  0.  Box  205 
Mountain  View,  California 
Attn:  Library 

Aero  Geo  Astro  Corp. 
1911+  Duke  Street 
Alexandria,  Virginia 
Attn:  George  G.  Chadwick 

Fairchild  Aircraft  Division 
Fairchild  Eng.  and  Airplane  Corp. 
Hagerstown,  Maryland 
Attn:  Library 

Famsworth  Electronics  Company 
3700  East  Pontiac  Street 
Fort  Wayne  1,  Indiana 
Attn:  Technical  Library 

Federal  Telecommunication  Labs. 
'lOO  Washington  Avenue 
Nutley  10,  New  Jersey 
Attn:  Technical  Library 

The  Gabriel  Electronics 
Division  of  the  Gabriel  Company 
13'"  Crescent  Road 
Needham  Heights  9'*,  Mass. 
Attn:  Mr.  Steven  Galagan 

General  Electric  Advanced  Electronics 

Center 
Cornell  University 
Ithaca,  New  York 
Attn:  J.  B.  Travis 

General  Electric  Company 
Electronics  Park 
Syracuse,  New  York 

Attn:  Documents  Library,  B.  Fletcher 
Building  3-l'*3A 

General  Precision  Lab.,  Inc. 

63  Bedford  Road 

Pleasantville,  New  York 

Attn:  Mrs.  Mary  G.  Herbst,  Librarian 

Goodyear  Aircraft  Corp. 
1210  Massillon  Road 
Akron  15,  Ohio 
Attn:  Library  D/120  Plant  A 

Granger  Associates 

Electronics  Systems 

966  Commercial  Street 

Palo  Alto,  California 

Attn:  John  V.  N-  Granger,  President 
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Gruraman  Aircraft  Engineering 

Corporation 
Bethpage,    L.I.,    N.Y. 
Attn:   Mrs.   A.  M.   Gray,   Libr. 

Engineering  Library, 

Plant  No.    5 

The  Hallic rafters  Company 
1+UOl  West  "th  Avenue 
Chicago  2k,    Illinois 
Attn:  LaVeme  LaGioia,  Libr. 

Hoffman  Laboratories,  Inc. 
3761  South  Hill  Street 
Los  Angeles  7,  California 
Attn:  Engineering  Library 

Hughes  Aircraft  Company 
Antenna  Department 
Microwave  Laboratory 
Building  12,  Room  26l7 
Culver  City,  California 
Attn:  M.  D.  Adcock 

Hughes  Aircraft  Company 
Florence  and  Teale  Streets 
Culver  City,  California 
Attn:  Dr.  L.  C.  Van  Atta 

Associate  Director 

Research  Laboratories 

Hycon  Eastern,  Inc. 
75  Cambridge  Parkway 
Cambridge,  Mass. 
Attn:  Mrs.  Lois  Seulowitz, 
Technical  Librarian 

Intemation  Business  Machines  Corp. 

Military  Products  Division 

590  Madison  Avenue 

New  York  33,  New  York 

Attn:  C.  Benton,  Jr.,  General  Manager 

International  Business  Machines  Corp. 
Military  Products  Division 
Owego,  New  York 

Attn;  Mr.  D.  I.  Marr,  Librarian 
Department  ^4-59 

International  Resistance  Company 
1401  N.  Broad  Street 
Philadelphia  8,  Pa. 
Attn:  Research  Library 

Jansky  and  Bailey,  Inc. 
1339  Wisconsin  Avenue,  N-W. 
Washington  7,  D.C. 
Attn:  Mr.  Delmer  C.  Ports 

Dr.  Henry  Jasik,  Consulting  Engrs. 
298  Shames  Drive 
Brush  Hollow  Industrial  Park 
Westbury,  New  York 

Electromagnetic  Research  Corp. 
711  iHh  Street,  N.W. 
Washington  5,  D.C. 

Lockheed  Aircraft  Corporation 
2555  N.  Hollywood  Way 
California  Division  Engineering 

Library 
Department  72-25,  Plant  A-1, 

Bldg.  63-1 
Burbank,  California 
Attn:  N.  C.  Hamois 

The  Martin  Company 
P.  0.  Box  179 
Denver  1,  Colorado 
Attn:  Mr.  Jack  McComick 


The  Martin  Company 
Baltimore  3,  Maryland 
Attn:  Engineering  Library 
Antenna  Design  Group 

Maryland  Electronic  Mfg. 
Corporation 
5009  Calvert  Road 
College  Park,  Maryland 
Attn:  Mr.  H.  Vfarren  Cooper 

Mathematical  Reviews 
190  Hope  Street 
Providence  6,  Rhode  Island 

The  W.  L.  Maxson  Corporation 
lt60  v;est  34th  Street 
New  York,  New  York 
Attn:  Miss  Dorothy  Clark 

National  Research  Council 
Radio  &  Electrical  Engineering 

Division 
Ottawa,  Ontario,  Canada 
Attn:  Dr.  G.  A.  Miller,  Head 
Microwave  Section 

McDonnell  Aircraft  Corporation 
Lambert  St.  Louis  Municipal 

Airport 
Box  516,  St.  Louis  3,  Missouri 
Attn:  R.  D.  Detrich 

Engineering  Library 

McMillan  Laboratory,  Inc . 
Brownville  Avenue 
Ipswich,  Massachusetts 
Attn:  Security  Officer 
Document  Room 

Melpar,  Inc . 
3000  Arlington  Blvd. 
Falls  Church,  Virginia 
Attn:  Engineering  Technical 
Library 

Microwave  Development  Lab. 
90  Broad  Street 
Babson  Park  57,  Mass. 
Attn:  N.  Tucker, 

General  Manager 

Microwave  Radiation  Co.,  Inc. 
19223  South  Hamilton  Street 
Gardena,  California 
Attn:  Mr.  Morris  J.  Ehrlich 
President 

Chance  Vought  Aircraft,  Inc. 
93114  West  Jefferson  Street 
Dallas,  Texas 
Attn:  Mr.  H.  S.  I'Thite 
Librarian 

Northrop  Aircraft,  Inc. 
Hawthorne,  California 
Attn:  Mr.  E.  A.  Freitas 

Library  Dept.  31'4-5 
1001  E.  Broadway 

Remington  Rand  Univ.  -  Division 

of  Sperry  Rand  Corporation 
1900  West  Allegheny  Avenue 
Philadelphia  29,  Pa. 
Attn:  Mr.  John  F.  McCarthy 

R  and  D  Sales  &  Contracts 

North  American  Aviation,  Inc . 
I22IU  Lakewood  Boulevard 
Downey,  California 
Attn:  Engineering  Library 
•+95-115 


North  American  Aviation,  Inc. 
Los  Angeles  International  Airport 
Los  Angeles  k'j,   California 
Attn:  Engineering  Technical  File 

Page  Communications  Engineers,  Inc . 
710  ll4-th  Street,  Northwest 
V/ashington  ' ,    D.C. 
Attn:  Librarian 

Philco  Corporation  Research  Division 

Branch  Library 

1+700  Wissachickon  Avenue 

Philadelphia  kk,    Pa. 

Attn:  Mrs.  Dorothy  S.  Collins 

Pickard  and  Bums,  Inc. 
2l*0  Highland  Avenue 
Keedham  914,  Mass. 
Attn:  Dr.  J.  T.  DeBettencourt 

Polytechnic  Research  &  Development  Co. 
202  Tillary  Street 
Brooklyn  1,  New  York 
Attn:  Technical  Library 

Radiation  Engineering  Laboratory 
Main  Street 
Maynard,  Mass . 
Attn:  Dr.  John  Ruze 

Radiation,  Inc . 

P.  0.  Drawer  37 

Melbourne,  Florida 

Attn:  Technical  Library,  Mr.  M.L.  Cox 

Radio  Corpoi-ation  of  America 

RCA  Laboratories 

Rocky  Point,  New  York 

Attn:  P.  S.  Carter,  Lab.  Library 

RCA  Laboratories 

David  Samoff  Research  Center 

Princeton,  New  Jersey 

Attn:  Miss  Fern  Cloak,  Librarian 

Radio  Corporation  of  America 

Defense  Electronic  Products 

Building  10,  Floor  7 

Camden  2,  New  Jersey 

Attn:  Mr.  Harold  J.  Schrader,  Staff  Engr. 

Organization  of  Chief  Technical 

Administrator 

Ramo-Wooldridge  Corporation 
P.  0.  Box  1*514=3  Airport  Station 
Los  Angeles  1+5,  Califo^-nia 
Attn:  Margaret  C.  V/hitnah,  Chief  Libr. 
Research  &  Development  Library 

Hoover  Electronics  Company 
110  West  Timonium  Road 
Timonium,  Maryland 

Director,  USAF  Project  RAND 

Via:  Air  Force  Liaison  Office 

The  Rand  Coi^ioration 

1700  Main  Street 

Santa  Monica,  California 

Rantec  Corporation 

Calabasas,  California 

Attn:  Grace  Keener,  Office  Manager 

Raytheon  Manufacturing  Co. 
Missile  Systems  Division 
Attn:  Mr.  Irving  Goldstein 
Bedford,  Mass. 

Raytheon  Manufacturing  Co. 

State  Road 

Wayland  Laboratory 

VJayland,   Mass. 

Attn:   Mr.   Robert  Borts 
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Raytheon  Manufacturing  Co. 
Wayland  Laboratory 
Wayland,  Mass . 

Attn:  Miss  Alice  G.  Anderson 
Librarian 

Republic  Aviation  Corp. 
Farraingdale,  L.I.,  N.Y. 
Attn:  Engineering  Library 
Thru:  Air  Force  Plant 
Representative 

Republic  Aviation  Corp. 

Farmingdale,  L.I.,  N.Y. 

Flheem  Manufacturing  Company 
9236  East  Hall  Road 
Downey,  California 
Attn:  J.  C.  Joerger 

Trans-Tech,  Inc . 
P.  0.  Box  31*6 
Rockville,  Maryland 
Attn:  Mr.  L.  E.  Shoemaker 

Ryan  Aeronautical  Company 
Lindbergh  Field 
San  Diego  12,  California 
Attn :  Library 

Sage  Laboratories,  Inc. 
159  Linden  Street 
Wellesley  8I,  Mass. 

Sanders  Associates,  Inc. 
95  Canal  Street 
Nashua,  Hew  Hampshire 
Attn:  Norman  R.  Wild 

Sandia  Corporation 
Sandia  Base 
P.  0.  Box  5800 
Albuquero^ue,  New  Mexico 
Attn:  Classified  Document 
Division 

Division  of  Sperry  Rand  Corp. 
Sperry  Gyroscope  Company 
Great  Neck,  L.I.,  N.Y. 
Attn:  Florence  W.  Tumbull 
Engineering  Librarian 

Stanford  Research  Institute 

Menlo  Park,  California 

Attn:  Library,  Engineering  Div. 

Sylvania  Electric  Products,  Inc. 

100  First  Avenue 

VJaltham  ^U,  Mass. 

Attn:    Charles  A.   Thomhill 

Report  Librarian,   Waltham 
Laboratories  Library 

Systems  Laboratories  Corporation 
lU8'i2  Ventura  Blvd. 
Sherman  Oaks,   California 
Attn:    Donald  L.   Margerum 

TRG,    Inc. 

17  Union  Square  West 

New  York  3,  New  York 

Attn:  M.  L.  Henderson 

Librarian 

A.  S.  Thomas,  Inc. 

161  Devonshire  Street 

Boston  10,  Mass. 

Attn:  A.  S.  Thomas,  Pres. 

Bell  Telephone  Laboratories 
Murray  Hill,  New  Jersey 


Chu  Associates 
P.  0.  Box  387 
Whitcomb  Avenue 
Littleton,  Mass . 

Microwave  Associates,  Inc. 
South  Avenue 
Burlington,  Mass . 

Raytheon  Manufacturing  Co. 
Missile  Division 
Hartwell  Road 
Bedford,  Mass . 

Radio  Corporation  of  America 
Aviation  Systems  Laboratory 
22';  Crescent  Street 
Waltham,  Mass . 

Lockheed  Aircraft  Corporation 
Missile  Systems  Division  Research 

Library 
Box  yQlf,  Sunnyvale,  California 
Attn:  Miss  Eva  Lou  Robertson 
Chief  Librarian 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn:  Dr.  W.  C.  Hofftaan 

Commander 

AF  Office  of  Scientific  Research 

Air  Research  &  Development  Command 

iHh  Street  &   Constitution  Ave. 

Washington,  D.C. 

Attn:  Mr.  Otting,  SRY 

Westinghouse  Electric  Corp. 
Electronics  Division 
Friendship  Int'l  Airport 
Box  1897 

Baltimore  3,  Maryland 
Attn:  Engineering  Library 

Wheeler  Laboratories,  Inc. 
122  Cutter  Mill  Road 
Great  Neck,  New  York 
Attn:  Mr.  Harold  A.  Wheeler 

Zenith  Plastics  Co. 
Box  91 

Gardena,  California 
Attn:  Mr.  S.  S.  Oleesky 

Library  Geophysical  Institute 

of  the  University  of  Alaska 
College,  Alaska 

University  of  California 
Berkeley  1*,  California 
Attn:  Dr.  Samuel  Silver, 

Division  of  Elec.  Eng. 

Electronics  Research  Lab. 

University  of  California 
Electronics  Research  Lab. 
332  Cory  Hall 
Berkeley  h,   California 
Attn:  J.  R.  l-Jhinnery 

California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
ItSOO  Oak  Grove  Drive 
Pasadena,  California 
Attn:  Mr.  I.  E.  Newlan 

California  Institute  of  Technology 
1201  E.  California  Street 
Pasadena,  California 
Attn:  Dr.  C.  Papas 


Carnegie  Institute  of  Technology  (5  copies) 
Schenley  Park 
Pittsburgh,  Pennsylvania 
Attn:  Prof.  A.  E.  Heins 

Cornell  University 

School  of  ElectriceQ.  Engineering 

Ithaca,  New  York 

Attn:  Prof.  G.  C.  Dalman 

University  of  Florida 

Department  of  Electrical  Engineering 

Gainesville,  Florida 

Attn:  Prof.  M.  H.  Latour,  Library 

Library 

Georgia  Institute  of  Technology 

Engineering  Experiment  Station 

Atlanta,  Georgia 

Attn:  Mrs.  J.  H.  Crosland,  Librarian 

Harvard  University 

Technical  Reports  Collection 

Gordon  McKay  Library,  303A  Pierce  Hall 

O-xford  Street,  Cambridge  38,  Mass. 

Attn:  Mrs.  E.  L.  Hufschmidt,  Librarian 

Harvard  College  Observatory 
60  Garden  Street 
Cambridge  39,  Mass. 
Attn:  Dr.  Fred  L.  I'ftiipple 

University  of  Illinois 
Documents  Division  Library 
Urbana,  Illinois 

University  of  Illinois 
College  of  Engineering 
Urbana,  Illinois 

Attn:  Dr.  P.  E.  Mayes,  Department  of 
Electrical  Engineering 

The  John  Hopkins  University 
Homewood  Campus 
Department  of  Physics 
Baltimore  I8,  Maryland 
Attn:  Dr.  Donald  E.  Kerr 

Sandia  Corporation 
Attn:  Organization  11+23 
Sandia  Base 
Albuquerque,  New  Mexico 

Applied  Physics  Laboratory 
The  John  Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
Attn:  Mr.  George  L.  Seielstad 

Massachusetts  Institute  of  Technology 
Research  Laboratory  of  Electronics 
Room  20B-221 
Cambridge  39j  Mass. 
Attn:  John  H.  Hewitt 

Massachusetts  Institute  of  Technology 
Lincoln  Laboratory 
P.  0.  Box  73 
Lexington  73,  Mass. 
Attn:  Document  Room  A-229 

University  of  Michigan 
Electronic  Defense  Group 
Engineering  Research  Institute 
Ann  Arbor,  Michigan 
Attn:  J.  A.  Boyd,  Supervisor 
via:  Facility  Security  Officer 


Microwave  Research  Institute 
Polytechnic  Institute  of  Brooklyn 


List  S-S 

Air  Force  Cambridge  Research  Center 


University  of  Michigan 

Engineering  Research  Institute 

Radiation  Laboratory 

Attn:  Prof.  K.  M.  Siegel 

912  N.  Main  Street 

Ann  Arbor,  Michigan 
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Engineering  Research  Institute 
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Microwave  Laboratories 
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Foundation 
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Columbus  8,  Ohio 
Attn:  Dr.  T.  E.  Tice,  Dept.  of  E.E. 

The  University  of  Oklahoma 
Research  Institute 
Horman,  Oklahoma 

Attn:  Prof.  C-  L.  Farrar,  Chairman 
Electrical  Engineering 

Polytechnic  Institute  of  Brooklyn 

Microwave  Research  Institute 

55  Johnson  Street 

Brooklyn,  New  York 

Attn:  Dr.  Arthur  A.  Oliuer 

Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
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Brooklyn,  New  York 
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Syracuse  University  Research  Institute 
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Syracuse  10,  New  York 
Attn:  Dr.  C.  S.  Grove,  Jr. 
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The  University  of  Texas 
Electrical  Engineering  Research  Lab. 
P.  0.  Box  8026,  University  Station 
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The  University  of  Texas 

Defense  Research  Laboratory 
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University  of  Toronto 
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Lowell  Technological  Institute 
Research  Foundation 
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State  College,  New  Mexico 
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Attn:  Prof.  S.  Seeley 

Columbia  University 
Department  of  E.  E. 
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New  York,  New  York 
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McGill  University 
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Attn:  Prof.  G.  A.  Wooton 
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Purdue  University 
Department  of  E.  E. 
Lafayette,  Indiana 
Attn:  Dr.  Schultz 
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Department  of  E.  E. 
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University  of  Pennsylvania 
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Illinois  Institute  of  Technology 
3300  S.  Federal  Street 
Chicago  16,  Illinois 
Attn:  Dr.  George  I.  Cohji 

University  of  Tennessee 
Ferris  Hall 
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University  of  Wisconsin 
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Seattle  22,  Washington 
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University  of  Kansas 
Electrical  Engineering  Dept. 
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Department  of  E.  E. 
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